Abstract
Introduction
The aim of this article is to draw attention to the burgeoning area of postprandial For the reasons outlined below, continued research examining postprandial lipemia in young people is important when considering factors that influence future cardiovascular disease risk. However, this field of study is in its infancy precluding what could reasonably be described as a systematic review. Similarly, there are insufficient data to conduct a meta-analysis, but we have provided effect sizes in what is most appropriately described as a summary of evidence available currently linking acute exercise with postprandial lipemia. This allows us to highlight primary trends and directions for future research. Also, the commonly employed two-day experimental model, described below, may be very well suited to other areas of research with young people outside of postprandial lipemia.
Although this is not a review, our methods were systematic and included a computerised search of the literature using PubMed, SciVerse Scopus, Web of Science, Google Scholar and SportDiscus. Keywords searched independently or in combination included: postprandial, triglyceride, triacylglycerol, lipemia, lipaemia, exercise, energy expenditure, child, adolescent, boy and girl. All relevant sources were cross-referenced to maximise our search for manuscripts that matched our inclusion criteria. For inclusion, studies were required to (1) be an intervention study in which one of the aims of the study was examining postprandial lipemia after an exercise intervention; (2) Although the clinical manifestations of atherosclerotic disease are not apparent typically until mid-adulthood, the process of atherosclerosis is initiated during childhood and adolescence, and progresses over the lifespan (19, 47) . Fatty streaks are considered to be the earliest lesion of atherosclerosis (47) , with the presence of aortic fatty streaks identified in the first decade of life (33) and coronary fatty streaks in the second decade of life (74) . Although fatty streaks may be fairly innocuous, there is convincing evidence suggesting that they can progress gradually over time into clinically significant atherosclerotic lesions (29, 72). Indeed, the prevalence and extent of fatty streaks and clinically significant atherosclerotic lesions increases rapidly in the arteries of adolescents and young adults (73) .
Several prospective cohort studies indicate that cardiovascular disease risk factors, including abnormal lipid and lipoprotein concentrations, during childhood and adolescence can track into adulthood (2, 14, 57) , and are associated with the development of subclinical atherosclerosis in later life (11, 17, 64) . The presence of multiple risk factors augments the extent of atherosclerotic legions in young people (4) . Moreover, childhood fasting [TAG] is associated independently with young adult cardiovascular disease (54) . However, substantial variation is evident in fasting
[TAG] in children (79) , highlighting the importance of studying [TAG] in the postprandial period. Accordingly, lifestyle interventions, including manipulations in exercise energy expenditure and dietary energy intake, that moderate postprandial lipemia may delay atherogenic progression and should be initiated during childhood and adolescence (19, 47) . Therefore, this manuscript will examine the effect of acute exercise interventions on postprandial lipemia in children and adolescents.
Considering the infancy of this research area, evidence from adults will be summarised briefly before highlighting key findings to date in children and adolescents.
Exercise and postprandial lipemia in adults
The literature is replete with adult-based studies examining the effect of exercise and dietary manipulations on postprandial lipemia; these have been reviewed elsewhere and we encourage interested readers to access these for a more thorough understanding of the platform that they provide for studies with young people (e.g., (49, 50) . Although a meta-analysis suggested that energy expenditure may be the primary driver of changes in postprandial lipemia, once two outlying studies were accounted for, the strength of this effect was only moderate (62) . However, the authors conceded that the only basis for removing these outliers was their large effects relative to other studies included in the analysis as opposed to methodological flaws. Manipulations of exercise intensity and duration support a dose-dependent response in adults (26, 39), although variations in design characteristics preclude the identification of a so-called optimal or minimal dose. It should be noted that the exercise energy expenditure dose-response relationship, described above, applies only to moderate-to vigorous-intensity, aerobic exercise and does not include resistance (e.g., 61, 86) or high intensity (e.g., 18, 20) exercise in adults.
Another avenue of research has highlighted that accumulating shorter bouts (≤10 min) of moderate intensity exercise throughout the day appear equally effective in reducing postprandial [TAG] as a similar duration of continuous exercise (49, 50, 51) .
This may be important from a public health standpoint as it aligns with international recommendations for daily habitual physical activity accumulation (55) . More recently, acute high intensity exercise (ranging from 90% peak O V  2 to maximal sprint intensity), where the total exercise dose is probably considerably less than that reported in many of the moderate intensity exercise studies, has been shown to reduce postprandial [TAG] in healthy adults (16, 18, 20) . It has even been suggested that this type of exercise may be more efficacious than moderate intensity exercise 
Exercise and postprandial lipemia in children and adolescents
Current international physical activity guidelines recommend that children and adolescents engage in 60 to 90 min of moderate intensity daily physical activity (13, 36 ). However, depending on how this is quantified, many children and adolescents fail to meet the guidelines (65) , and physical activity participation has been shown to decline from childhood through adolescence (56) . Therefore, it is likely that exercise interventions in young people need to be engaging and sustainable in order for long-term benefits in metabolic health to emerge. This section will summarise the published exercise postprandial lipemia studies with young people. It has not been possible to identify published studies that have compared directly the effect of exercise and dietary manipulations on postprandial lipemia in young people.
Nine studies have investigated the effect of acute exercise on postprandial lipemia in young people using the criteria adopted for this summary (3, 41, 42, 69, 70, 76, 78, 80, 81) . A summary of these studies is presented in Thus, an exercise-induced deficit is efficacious, but a closer examination of the exercise characteristics might be more enlightening and will be used to compare and contrast the main outcomes with the adult-based literature appraised above. Before doing this, however, a brief description of the standardised methods and two-day experimental model may help those thinking of adding postprandial (lipemic) research to their portfolio.
Standardised methods and two-day experimental model
The standard two-day model that has been employed in the majority of the published exercise studies to date with young people is depicted in Figure 2 . Each participant completes the two or three conditions in a random order separated by a standardised period (minimum of 7 days). For the 48 hours preceding day 2 of the first counter-balanced condition, participants are usually asked to minimise and record their habitual physical activity and record their food and drink intake. These records are used subsequently to replicate these extraneous factors, which are likely to affect the study outcome measures across the conditions. The level of care in controlling or accounting for habitual physical activity and diet in the studies appears to have increased since the first study was published six years ago, which places an added burden on the participants. Some studies have introduced a lunch meal to better reflect normal dietary practice and a specific evening snack to standardise the fasting period. A critical feature of the two-day model is that the exercise intervention precedes the first blood sample by 12 to 18 hours (Table 1) . This is because lipoprotein lipase (LPL) activity appears to peak in this period after exercise (71) , it is likely the energy expenditure was lower than that reported in other studies in young people adopting longer and less intense exercise interventions (3, 41, 42, 70, 78, 80, 81) , suggesting that exercise intensity is a key factor influencing postprandial TAG metabolism in young people. Importantly, the exercise protocol was well tolerated by the boys in this study, and recent evidence suggests that pre-pubertal boys prefer moderate intensity exercise interspersed with short bursts of high intensity effort compared with continuous moderate intensity exercise alone (9) . Considering children, typically, spend a greater percentage of time engaged in high intensity activities than adults (34), exercise with an intermittent games activity (3) or a high intensity (76) component may be appealing interventions to enable young people to acquire metabolic health benefits. We encourage further research that adopts alternative modes of exercise to increase the ecological validity of postprandial research, but appreciate that there are challenges to overcome in quantifying the energy expenditure in these studies.
Perhaps judicious use of movement detection technologies can be employed to overcome this measurement issue.
In contrast to the study conducted by Barrett Consequently, the potential for exercise to improve this aspect of metabolic health in overweight children and adolescents is promising.
Mechanisms
The (12) . However, this study did not use the twoday model used most commonly in the paediatric literature (described above, Figure 2 ); therefore, it is possible that the mechanism responsible for any alterations in postprandial metabolism are different.
Implications and future directions
Although from a small number of studies, the evidence from young people demonstrates consistently that a single session of moderate to high intensity exercise promotes reductions in postprandial [TAG] in this population (Table 1) .
While it appears that a 'threshold' of exercise energy expenditure may be required to promote a meaningful reduction in the postprandial TAG response, the evidence of a dose-dependent response is not yet supported directly in boys or girls (78, 80, 81) .
The studies in Table 1 0.18B 0.46W Studies are arranged to match the critical appraisal in the text. †Unless indicated specifically, test meals were consumed as breakfast *An effect size of 0.2 represents the minimum important difference, 0.5 moderate and 0.8 large (6) ; all values represent effects for exerciseinduced total area under the time curve for triacylglycerol (TAUC-TAG) compared with a non-exercise control condition -taken directly from published studies or calculated from (Exercise x -Control x )/pooled SD. EE energy expenditure; M male; F female; TM treadmill -W walk, R run; V O 2 oxygen uptake; BM body mass; BSA body surface area; LIST Loughborough intermittent shuttle test; HW healthy weight; OW overweight; B black; W white
